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Field of the inventton 

This Invention relates to a method for amplifying 
a target nudeic add sequencOp and more partlculariy 
relates to a method for amplification by exonudease 5 
mediated strand displacement 

Background of the Invention 

Nudeic adds may be either In the fonn of deoxyrt- 
bonudeic adds (DMA) or In the fonn of ribonudetc 
adds (RNA). DNAand RNA are high molecular weight 
pdymers fonned from nrnny nudeotide buQdIng 
blocks. Each nudeotide Is composed of a base (a 
purine or a pyrimldine), a sugar (either ribose or 
deoxyrf bose) and a molecule of phosphoric add. DNA 
Is composed of the sugar deoxyribose and the bases 
adenine (A), guanine (6), cytosine (C) and thymine 
(T). 

The nudeotides are assembled into a linear chain 
to form the genetic code. Each sequence of three nuc- 
leotides can be Irsad" as the code for one amino add 
through the process of translation. (DNA must firet be 
converted Into RNA through the process of transcrip- 
tion.) By varying the combination of bases in each 
three base sequence, different amino adds are coded 
for. By linking various three base sequences together, 
a sequence of amino adds can be made which form 
proteins. The entire coding unltfor one protein Is refer- 
red to as agene. There can be one or more copies of 
a gene in an organism. Some genes are present In 
hundreds or thousands of copies. Othere are present 
only as a single copy. 

Regardless of the number of copies, genes are 
linked together In an organism to fonn higher struc- 
tural units referred to as chromosomes In higher 
organisms. In some lower organisms, genes may 
occur In extra chromosomal unlta refarrad to as ptas- 
mlds. Genes need not be linked directly to each other 
In an end-to-end feshton. Certain non-coding regions 
0.e„ sequences of bases that do not translate Into 
amino acMs) may occur between genes or within a 
gene. Thus, the aniangement of nudeotMes In an 
organism detenmines Its genetic makeup which may 
be referred to as its genome. (Hence, DNA Isolated 
from an organism Is referred to as genomic DNA.) 

DNA In most organlsnrra is arranged in the form of 
a duplex wherein two strands of DNA are paired 
together In the familiar double helix. In this modd, 
hydrogen bonds are fonned between A and T and be* 
tween C and O on the paired strands. Thus, on one 
strand, the sequence ATCG (S'-^*) wfll have on Its 
complimentary strand the sequence TAGC (3'-^50. 
Both strands, however, contain the same genetic 
code only In a complementary base-paired manner. 
One could read, therefore, either strand of DNA in 
order to detemiineth g netic eequence cod dfor. 

For a further description of the organization. 



atnicture and ftjnctton of nudeic adde, see Watson, 
Molecular Biology of the Gene. W.J. Benjamin, Inc. 
(drd edit 1977). eapedally ch.s 6-14. 

Understanding and detenmlning the genetic sequ- 
ence of nudeic aclde present In a sample Is important 
for many reasons. Rrat, a number of diseases are 
genetic In the sense that the nudeotide sequence for 
a "normal " gene Is In some manner changed. Such a 
change couM arise by the substitutton of one base for 
another. Given that three bases code for a single 
annino add, a change in one base (referred to as a 
point mutation) could result in a change In the amino 
acid which, In turn, could rssult In a defective protein 
being made In a cdl. Sickle cell anemia Is a dasste 
example of such a genetic defed caused by a change 
In a single base In a single gene. Other examples of 
diseases caused by eingle gene defsda indude Fac- 
tor DC and Factor VIII defldency, adenosine deamin- 
ase deficiency, purine nudeotide phosphorylase 
defldency, omfthlne transcarbamylase defldency, 
arglninsucdnate synthetase defldency, beta-thalas- 
eemla, oh antitrypsin defldency, giucooerebrosldase 
defldency, phenylalanine hydroxylase defldency and 
hypoxanthlne-guanlne phosphoribosyitransfsrase 
defldency. StOI other diseases, such aa cancers, are 
believed to be caused by the activation, trandocation, 
transposition. Increase In copy number and/or 
removal of suppression of genes known to be present 
in the genome refenred to as onoogenea. Examples of 
oncogenes bdleved to be rdevant to certain cancere 
Indude N-myc for neuroblastomas, retinoblastomas 
and small-cdl lung cancere and o-abi for chronte 
myelogenous leukemia. For a ftirther description of 
the relevance of oncogenes to the diagnods of can- 
cere and for a listing of speclflc oncogenes, rae Wein- 
berg, Sd. Anter., Nov. 1083, Slamon et aL, Sdence, 
224:256 (ig84), U.S. Pat Na 4,699.877 and 
4,916.162. 

Second, In addltton to changes in the sequence 
of nudeic adds, there are genetic changes that occur 
on a structural level. Such changes Indude Inserttona, 
deletions and firandocattons along a chromosome 
and Indude Increased or decreased numbere of 
chromo^unes. In the former instance, such changea 
can result from events rsfsrred to as crossing-over 
where stranda of DNA from one chromoaome 
exchange various lengths of DNA with another 
chromosome. Thus, fbr example. In a "normal" Indlvl- 
dud, the gene for protein "X" might reside on chromo- 
eome 1; after a crossing-over event, that gene oouM 
now have been trendocated to chromosome 4 (with 
or without an equd exchange of DNA from chromo- 
some 4 to chromosome 1) and the cdl may not pro- 
duced 

In the Instance of Increased or decreased 
chromosome number (rsfsnred to as aneupioldy). 
Instead of a "hormd" Individual having the conect 
number of copies of each chromosome (e.fl., two of 
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each In humans [other ttian the X and Y chromo- 
eonies]), a different number occure. In humans, for 
exampl , Down's syndrome Is the result of having 
three ooplee of chromosome 21 instead of the nonral 
two copies. Other aneuplold conditions result from 5 
trisomies invohring chromosomes 13 and 18. 

Third, infsctlous diseases can be caused by para- 
sttes, mlcrooiganlsms and vinises all of which have 
their own nudeic adds. The prssence of these oigan- 
Isms in a sample of biological material often is deter- io 
mined t»y a number of traditional methods (e.fl.. 
culturs). Because each organism has its own 
genome, however, if there are genes or sequences of 
nudeic adds that are specific to a single spedes (to 
several related spedes, to a genus orto a higherlevel IB 
of rslatlorohip), the genome wiH provide a "fingerprinT 
for that organism (or spedes, eta). Examples of vir- 
uses to which this Invention Is applicable Indude HIV, 
HPV, EBV, HSV, Hepatitia B and C and CMV. Exam- 
ples of mlcrooiganlsms to which this invention Is 20 
applicable Indude bacteria and more particularly 
Include H. influenzae, mycoplasma, legionelia, 
mycobacteria, chlamydia, Candida, gonocd, shigella 
and salmoneil& 

In each example set forth above, by identHying a 20 
sequence that is specific for a disease or organism, 
one can isdate nudeic adds from a sample and 
detennine if that sequence Is present A number of 
methods have been deveiqped in an attempt to do 
thie. 30 

While it is crftical that one or more sequences 
specific for a disease or organism be identified, it Is 
not important to the practice of thIe Invention what the 
target sequences are or how they are Mentifled. The 
most straightfonward means to detect the presence of sb 
a target sequence in a sample of nudeic adds Is to 
synthesize a probe sequence complementary to the 
target nudeic add. (instrumentation, such as the 
Applied BloSystems 380B, are presently used to 
synthssize relatlvely short nudeic add sequences for 40 
this purpose.) The eyntheeized probe eequence then 
can be applied to a sample containing nudeic adds 
and, if the target sequence if present, the probe wOi 
bind to it to form a reaction product In the absence of 
a target sequence and banrlng non-epeciric binding, 45 
no reaction product will be formed, if the synthesized 
probe to tagged with a detoctable label, the reaction 
produd can be detected by measuring the amount of 
label present Southern blotting le one example where 
this method Is used. 50 

A difficulty with this approach, however, is that it 
Is not readily applicable to those instances where the 
number of copies of the target sequence present in a 
eample b low (1^, less than 10^. In such Instances, 
it is difficult to dlstingutoh signal firom noise (Leu, tme 55 
binding betwe n prob &nd target sequences from 
non-specific binding between probe and non-target 
sequences). One way around this problem Is to 



Increase the signal. Accordingly, a number of 
methods hav been described to amplHy th target 
eequences present in a sample. 

One of the best icnown amplification methods le 
the polymerase chain reaction (rsfonred to as PCR) 
which to described In detaQ In U.S. Pat No.s 
4,683,195, 4,683,202 and 4,800,159. Briefly, in PCI^ 
two primer eequences are prepared which are com- 
plementary to regions on opposite complementary 
strands of the target sequence. An excess of 
deoxynudeosldetrlphosphates are added to a reac- 
tion mbdure along with a DMA polymerase (e.fl., Taq 
pdymerase). If the target sequence is present In a 
sample, the primers wQI bind to the tariget and the 
pdymerase will cause the primere to be extended 
along the target eequence by adding on nudeotidee. 
By ratotng and lowering the temperature of the .reac- 
tion mixture, the extended primere wOi dissociate from 
the target to fomn a reaction products, excess primere 
wm bind to the target and to the reaction producte, and 
the process is repeated. 

Another method for amplification Is described In 
EPA No. 320,308, published June 14, 1989, which Is 
the ligase chain reaction (reforred to as tCR). In LCR. 
two complementary probe paire are prepared, and In 
the presence of the target sequence, each pair will 
bind to opposite complementary strands of the farget 
such that they abut In the presence of a Ilgase, the 
two probe paira will llnic to tbrm a ajngie unit By tem- 
perature cyding, aa In PGR, bound llgated unite dle- 
sodate from the target and then serve aa "terget 
sequences* for ligation of excess probe pairs. U.S. 
Pat No. 4,883,750 describes a method similar to LCR 
for binding probe paira to a terget sequence but does 
not describe an amplificatton step. 

A stfli further amplification method is described In 
PCT Appl. No. PCT/US87/00880, publtohed October 
22, 1987, and is referred to aa the Qbete Replicas 
method. In thte method, a replicafive sequence of 
RNA which has a region complementary to that of a 
target Is added to a eample In the presence of an RNA 
pdymerase. The pdymerase will oopy the repilcativa 
sequence which then can be detected. 

Still other amplification methods are described In 
GB Appl. No. 2 202 328, published September 21, 
1988, and In PCT Appl. Na P(rr/US89/01025. 
publlshsd October 5, 1989. In the former application, 
'modmad" primere are used In a PCR like, template 
and enzyme dependent synthesis. The primere may 
be modified tiy labelling with a capture moiety ( .g., 
btotin) and/or a detector moiety (e.g., enzyme). In th 
latter application, an excess of labelled probes are 
added to a sample. In the presence of the target sequ- 
ence, the probe binds and Is deaved catalytlcaily. 
After deavage, the target sequence Is released Intact 
to be bound by excess probe. Cleavage of the labelled 
probe signals the presence of the target sequence. 

For all of the above-described methods, a variety 
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of detadfon methods may be employed none of which 
are critical to the amplification method employed. One 
method Is detect reaction products having a epedfic 
size via electrophoresis. Another method Is to 
radlolabel the probe sequence with ^P, for example, 5 
and then to detect the radtoactivity emitted by the 
reaction products alone or In combination with 
electrophoresis. A further method is to chemically 
modify the primer by adding a binding molecule (e.fl., 
blofin), and enzyme (e.g., alkaline phosphatase), a 
fluorescent dye (e.g., phypobniprotein) or a combi- 
nation. Another method is to develop a detection 
primer which will bind to the reaction product and be 
extended in the presence of polymerase. The detec- 
tion primer can be radioiabelied or chemically mod- 
ified as described above. Many of these methods may 
be adapted to solid phase as well as solution systems. 
A number of these methods, as well as others, are 
described in U.S. Pat Nas 4.358,535. 4.705,886, 
4.743.535. 4,777.129, 4.767.699. and 4.767.700. 

Each of the above-referenced ampliflcation 
methods has one or more limitations. In most of the 
amplification mettiods, a key limitation Is tiie require- 
ment for temperature cycling to cause the reaction 
products to dissociate firom tfie target This places a 
limitation on both the devices used to perfbnm the 
method as well as on ttie choice of en^mes neces- 
sary to form tiie reaction products. Other llmHations of 
these mettiods include production of RNA inter- 
mediates sensitive to endogenous nuclease degra- 
dation and difficulty In production of assodated 
enaynes. Alternative methods to such existing ampll- 
fteation m^ods are desirable. 

Summary of tiie Invention 

This Invention provides for a method of amplifi- 
cation of a target nucleic add sequence (and its com- 
plementary strand) in a sample by exonudease 
mediated strand displacement In Its simplest fonm. 
the mettiod comprises tiie steps of adding to a target 
nudeic add sequence to be amplified a mixture com- 
prising (a) a nucleic ecid pdymerase, (b) deoxynuo- 
leosldetriphosphatss Indudbig at least one 
substituted deoxynudeosidetriphosphate. (c) an 
exonudease and (d) at least one primer which is com- 
plementary to a regton at tiie 3' end of a target firag- 
ment, and allowing tiie mbdure to read for a time 
eufRdent to generate reaction products. Where the 
nucleic acids are to be isolated from a sample conv 
prising a bidogicai matorial, tiie method furtiier Invd- 
ves the Initial steps of 1) Isdating nudeic adds 
suspected of containing tiie target sequenc firom a 
sample, and 2) generating single stranded fragments 
of target sequences. Where tiie fragments comprise 55 
double standard nudete adds, tti metiiod further 
comprises denaturing the nudeic add firagments to 
form single stranded target sequences. Where the 



nudeic adds comprise RNA, It Is preferable to use 
reverse transcriptase to convert RNA to DNA. 

The Invention furtiier relates to metti de for the 
separation and/or detection of reaction products gen- 
erated by tiie above-described metiiod. Mettiods for 
separation comprise magnetic separation, membrane 
capture and capture on solid supports. In each 
mettiod. a capture moiety may be bound to a magnetic 
bead, membrane or solid support The beads, mem- 
brane or sdid support ttien can be assayed for tiie 
presence or absence of reaction products. An 
example of a capture moiety Indudes a nudeic sequ- 
ence complementary to the reaction products pro- 
duced and an antibody directed against a rsceptor 
incorporated Into ttie primer or reaction product The 
separation system may or may not be coupled to a 
detection system. 

Detection systems useful In the practice of tills 
invention comprise homogeneoua systems, which do 
not require separation, and heterogeneous systems, 
in eadi system, one or more detecteble markere are 
used and tiie reaction or emission from the detection 
system Is monitored, preferably tiy autonnatad means. 
Examples of homogsneous systems Indude fluoreso- 
ence pdarization, enzyme mediated immunoassays, 
fluorescence energy transfer, hybridteation protection 
(e.g., acridinium luminescence) and doned enzyme 
donor Immunoassays. Examples of heterogeneoua 
systems Indude enzyme labels (such as peraxidas , 
alkaline phosphatase and bete-gaiadosidase). 
fluorescent labels (such as enzymatic labels and 
dired fluorsseence labels Ie.fl.. fluorescein and 
rhodamlne]). chemSumlnescence and bidumlneso- 
ence. Liposomes or otiier sac like partides also can 
be filled witti dyes and otiier detecteble maricera and 
used in euch detection systsms. In ttiese systems, tti 
detectable markers can be conjugated directiy or indi- 
rectly to a capture moiety or tiie reaction producte can 
be generated in the presence of a receptor whteh can 
be rsoognlzed by a llgand for ttie rsceptor. 

The Invention still ftjrttier relates to mettiods of 
generating reaction producte whkih, by removing the 
recognition sequence at ttie 5' end, can function as 
probes. In ttiis fonmat. ttie above described mettiod 
and steps are used to generate reaction producte. 
The reaction products tiien may be treated witii a res- 
triction enzyme to deave ttie recognition eequence 
firom ttie reaction product In tiite manner, the recog- 
nition eequence Is rsmoved and ttie remaining reac- 
tion product comprises a probe which can be used In 
otiier systems. 

in ttie presence of a single stranded flragment a 
primer wni bind to ite complementary target strand. In 
tiie presence of polymerase, nudeotides and substi- 
tuted nudeotides will be added to the 3' end of the 
primer along tiie remaining length of the target toform 
a probe strand. The resulting double stranded product 
will comprise an unsubstituted target etrandwhii ttie 
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probe strand wHI comprise an unsubstttuted primer 
coupled S' to an extended sequence oomiriementary 
to the target sequence. 

In the presence of a double strand specific S*-^' 
exonudease, the primer portion of the probe will be 9 
digested up to the point of the first substituted nuc- 
leotide but no farther because Its sequence contains 
the substituted nucleotides. A new primer then will 
bind to the eingle strand portion of the target As It 
does so, it wfll be extended by the polymerase; how- 10 
ever, the probe strand laddng the primer portion 
which Is stfll bound to the target will be displaced by 
the polymerase downstrsam (Le., S'-^S*) generating 
a rsacOon product that Is complementary to the target 
strand. Thus, whfle the strand Is displacsd, the ib 
polymerase also will generate a new probe strand 
adding nucleotides to the primer. 

The method also can function with two primers 
wherein one primer wDI bind to one strand of a target 
sequence and the other primer will bind to the cotrv 20 
plementery strand of the target sequence. When this 
embodiment is used. It will be apparent that each 
reaction product can function as a "target" for the 
other primer. In this manner, amplification proceeds 
logarithmically. 2S 

Brief Description of the Drawings 

RQ. 1 comprises a flow chart of the stops In an 
example of the method dairned In this invention for a so 
sfaigte stranded DMA iiragmenL 

FIG. 2 comprises a flow chart of the steps In an 
example of the method dalmed in this Invention Ibr 
double strandsd genomic DNA. 

35 

DeteOed Descripflon 

In this Invention, the sample nrus^ be Isolated lirom 
any biological material suspected of conteining the 
target nudeic acid sequence. For animals, preferably, 40 
mammals, and more prefsrebiy humans, the sources 
of such materials may comprise blood, bone marrow, 
lymph, hard tissues (s.g., liver, spleen, kidney, lung, 
ovary, etc) , sputum, feces and urine. Other sources 
of material may be derived finom plante, soil and other 48 
materiala euspected of containing bidloglcal organ- 
isms. 

The isdatlon of nudeic adds firom these mate- 
rials can be done any number of ways. Such methods 
Indude the use of detergent lysates, sonication, vor- so 
taxing with glass beads and a Fren h press. In some 
instances, it may be advantageous to purify the nuo> 
leic adds Isolated (e.g., where endogenous nuc- 
leases are present). In those Instances, purification of 
the nudeic acids may be accomplished by phenol ext- ss 
rectlon, chromatography, Ion xchange, g I electro- 
phoresis or density dep ndent centrifugation. 

Once the nudeic acids are isolated, it will be 



assumed for purposes of Illustration only that the 
genomic nudeic acid is DNA and Is double stranded. 
In such instances. It Is prefenred to deave the nudeic 
adds In the eample into fre^mente of between 
approximately S0-600bp. This may be done by a res- 
triction enzyme such as Hha I, Fok I or Dpn 1. The 
seledion of the enzyme and the length of the eequ- 
ence should be such so that the target sequence 
soughtiDcely win be contained In Ite entirety within the 
fragment generated or at least a suffident portion of 
the target sequence wm be present In the firagment to 
provide sufficient binding of the probe sequence. 
Other methode for generating finagments Indude PGR 
and sonlcation. 

The primere used in this method generally have 
a length of 15 • 100 nudeotides. Primere of approxim- 
ately 20 nudeoHdes are prsfened. Thle eequence 
should be substantially homologous to a sequence on 
the target such that under high stringency conditions 
binding will occur. 

Once target nudeic add firagmenta are gener- 
ated, they are denatured to render them single stran- 
ded so as to permit binding of the primere to the target 
strands. Raising ths tempsrature of the reaction to 
approximately 95"C Is a prsfsnred method for denatu^ 
Ing the nudeic acids. Other methods indude raising 
pH; however, this will require lowering the pH in order 
to allow the probes to bind to the target 

Either befbre or after the nudeic acids are denat- 
ured, a mbdure comprising an excess of ail four 
deoxynudeosidetolphosphates wherein at least one 
of which le substituted, a polymerase and an exonuo- 
lease are added. (If high temperature le used to denat- 
ure the nudeic adds, unless thermophilic enzymes 
are used, it Is prafsnabie to add the enzymes after 
denaturation.) The substftuted deoxynudeosldetriphos- 
phate should be modified such that it wfll Inhibit 
digestion of the etrend containing the eubstituted 
deoxynudeotides. An example of such a substituted 
deoxynudeosidetriphosphates Indudes 2'deoxyade- 
noslne 5'-0-(1-thiotr^hosphato). The modified nuo- 
ieotide could alternatively be Incorporated Into the 
primer during chemical eynthesis. In this case, mod- 
ified deoxymideoeidetriphosphatae are not neces- 
sary. 

The selection of the exonudease used In this 
method should be euch that It wDI digest double strar>- 
ded DMA. The exonudease further should be selec- 
ted eo as not to digest the target etrend or the 
substituted portion of the probe. It need not be 
thermophflla Exonudeases audi as T7 gsne 6 
exonudease and lamda exonudease (U.S. Blochem- 
IcaO are particulariy uiseftjl. 

Pdymerases uscrftil In this method Indude those 
that wfll pdymerize the target firom the ^ end to the 
3' end. The poiymeras , however, sh uld also dis- 
place the polymerized target without digesting the 
template strand, and. Importantly, should lack any 5' 
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to 3' exonudease activity. Polymerases sucti as the 
klenow fragment of DNA polymeras I and the 
exonudease defident Idenow firagment of DNA 
polymerase I (United States Biochemical) and a slmi- 
iar firagment finom the Bst polymerase (BioRad) are 5 
useful. 

An additionai feature of thb method is that It need 
not Im run a varying temperatures. Many amplification 
methods require temperature cyding in order to dle- 
sodate the target from the synthesized strand. In this io 
method, a single temperature may be employed after 
denaturatlon has oocuned* The temperature of the 
reaction should be high enough to set a level of string- 
ency that minimizes non-specific binding but low 
enough to minimize the time within which binding of is 
the probe to the target strand takes place. ST^'C has 
been found to be a preferred temperature. 

Referring to FIG. 1, one example of this invention 
is set fbrth. In this example, the etrand labelled P rep- 
resents the primer. The etrand labelled T is the target 20 
sequence which has already been fragmented and 
rendered single stranded. In the method, the primer 
binds to the target and In the presence of pdymerase, 
deoxynudeosidetriphosphates and athio substituted 
deoxynudeosldetriphosphatei the primer le extended 25 
the length of the target In the presence of the exonuc- 
lease, the probe strand Is digested l)eginning at the 5' 
end until It comee to the first substituted nudeotide. A 
new primer then binds to the target; however, In the 
presence of the polymerase laddng 5'-^' exonuo- 30 
lease acUvity. the partially digested probe strand is 
displaced from the target strand beginning at the first 
substituted nudeotide to create a reaction product 
and a new strand Is synthesized from the newly bound 
primer • in sunrvnary fashion (not shown), the newly $8 
eynthesized strand too wDi be d^estad by the exonuo- 
lease and the pdymerase then will displace this 
strand generating another until either the reaction is 
stopped or one of the reagents becomes limiting. 

Referring to FIO. 2, an example is shown for a 40 
double stranded target Thua, instead of having one 
primer, there are two primer (Pi and P2), one each 
being complementary to the two target sequences (T 1 
and T2). The reaction then proceeds as described for 
FIG. 1. It Is to be noted, however, that Pt will bind to 48 
the reaction product produced from T2 whfle P2 will 
bind to the rsaction product produced from Ti. In this 
manner, amplification proceede logarithmically. 

The presence of the amplified target then can be 
detected by any number of methods. One method Is 80 
to detect react! n products of a specific size by means 
of gel electrophoresis. This method Is particulariy use- 
ful when the nucleotides used are labelled with a ra- 
dio-label, such as ^P. Other methods Indude the use 
of labelling the nudeotides with a physical label, such 53 
as blotin. Blotln containing reaction products can then 
b Identified by msans of avidin bound to a signal 
generating enzyme, euch as peroxidase. 



An additionai embodiment of this Invention is in 
the preparati n of multiple copies of a single stranded 
nudeic acid ssqusnce. It wHI be appredated that the 
production of synthetic probee on a device like the 
Applied Biosystems 380 Instrument is time consum- 
ing and Is not readily applicable to generation of 
probes having several hundred nudeotides. Th 
method of exonudease mediated strand displace- 
ment need not be used to amplify a signal to detect the 
presence of a target for diagnostic purposes. It also 
Is readily applicable to the generation of multipi 
copies of a single stranded nudeic add eequence for 
use as a probe In any system of detection. 

In thte embodiment, a single stranded nudeic 
add sequence to be amplified te preparsd. This can 
be made from a aynthetic sequence or genomic nuc- 
leic adda ae described above. A reaction mixture 
similar to that describe above Is prepared using a 
probe complementery to the nudeic add sequence to 
be ampHfied. The reaction b then allowed to take 
place as above. The resulting reaction producte will 
comprise the empllfied copies of the nudeic acid 
sequence and can be used as primere or probes. 

AO publicattons and patent appllcattons men- 
tioned in this spedflcatlon are Indicative of the level 
of ordinary skill in the art to which this invention per- 
tains. AH publications and patent appiicationa are 
herein incorporated by rsforence to the same extent 
as If each individual publication or patent application 
was specifically and IndivkJually indicated to be incor- 
porated by reference. 

It wDI be apparent to one of ordinary skOi in the ert 
that many changes and modlficatlona can be made In 
the Invention without departing firom the epiitt orecope 
of the appended dalms. 



Clalma 

1. A method for amplifying a target nudeic acM 
aequence In a sample comprising the steps ot 

a) isolating nudeic add firagmente finom a 
sample; 

b) preparing single stranded target nudeto 
acids; 

c) adding to the terget sequence sample a 
reaction mixture comprising an excess of 
deoxynudeosMetriphosphates, atleastoneof 
whteh b substituted, a DNA polymerase lack- 
ing 5' to 3' exonudease activity, one or more 
primere that are complementary to the aingl 
strands of the target sequence, and a double 
strand specific 5'->3' exonudease; 

d) allowing the reaction mixture to react with 
the single stranded firagmente for a period of 
time suffident to g nerate reaction producte; 
and 

e) detecting the presence of th reaction pro- 
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duda produced. 

2. The method of dalm 1 wherein a restrict! n 
enzyme is used to create nucleic add fragments. 

5 

3. The method of dalm 1 wherein the sample Is 
derived from animal material comprising blood, 
bone marrow, lymph, hard tissue, urine, feces 
and sputum, plant material and soD. 

10 

4. The method of dalm 1 wherein the nudeic and 
fragments are rendered single stranded by heat- 
ing the sample. 

5. A method for amplHying a target nudeic add 18 
sequence comprising the steps of: 

a) Isolating nudeic adds firom a sample whe- 
rein the sample is derived from human bldogl- 
cal material; 

b) generating single stranded nudeic aclda by 20 
heating the sample; 

c) adding a reaction mixture comprising an 
excess of deoxynudeosldetriphosphates at 
least one of which Is substituted, a DNA 
pdymerase laddng 5' to 3' exonudease 28 
acdvity, one or more primere that are com- 
plementary to the.single strands of the target 
sequence, and a double strand spedflc S*-^' 
exonudease; 

d) allowing the reaction mbdure to react wUi so 
the single stranded nudeic adds for a period 

of time suffident to generate reaction pro- 
ducts; and 

e) detecting the reaction products produced 

38 

3^ The method of daim 5 wherein the polymerase is 
selected firom the group consisting of the Menow 
fragment of DNA polymerase I. the exonudease 
defident Idenow fragment of DNA pdymerase I 
and the Idenow fragment of Bst polymerase. 40 

7. The method of daim 6 wherein the pdymerase Is 
the Idenow firagment of DNA polymerase I. 

8. The method of daim 5 wherein the exonudease 48 
Is T7 gene 6 exonudease. 

9. The method of dalm 5 wherein detection of the 
reaction products carried out by tagging the 
primer with a label selected from the group con- 80 
slating of a radldabd, an enzyme and a fluores- 
centdye. 

10. The method of any of dalms 1 and 5 wherein the 
probes are specific fior a viral nud ic add sequ- es 
ence. 



probes are specific fbr a bacterial nudeic acU 
sequence. 

12. The method of any of daima 1 and 5 wherein the 
probee are epedfic fbr an oncogene nudeic acid 
sequence. 

13. The method of any of dalms 1 and 5 wherein the 
probes are specific fbr a nudeic add sequence 
Invdved In a single point mutation. 



11. The method of any of dalms 1 and 5 wherein the 
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